Statins have similar side effects that do not always occur at the same rate among the various statins. We present a case of simvastatin-induced muscle toxicity that disappeared when pravastatin was substituted for the original drug. Case Outline A 74-year-old male, a nonsmoker, complained of severe nocturnal leg cramps. The patient also complained that similar painful cramping occurred when he walked rapidly or jogged. Because some components of his lipid panel exceeded the 'desirable' range, and as he had a history of myocardial infarction, his family physician prescribed simvastatin (40 mg/day). The patient had taken this medication for the past eight years. The painful nocturnal episodes started two years ago and affected either one or the other leg. Four months ago we discontinued his simvastatin and prescribed pravastatin (80 mg/day). At a follow-up visit six weeks later, the patient reported that his leg pains at night and the pain experienced after brisk walking had disappeared. Four months after the substitution of pravastatin for simvastatin, the patient reported that his complete lack of symptoms had continued. Conclusion These painful muscle cramps were probably caused by an inadequate vascular supply to the calf and foot muscles. Perhaps a combination of advanced age and atherosclerotic changes created a predisposition for the simvastatin-induced leg cramps. Pravastatin differs from simvastatin in several ways. It is not metabolized by cytochrome P450 (CYP) 3A4 oxidases, and thus is not influenced by CYP 3A4 inhibitors like simvastatin. Also, simvastatin is associated with single-nucleotide polymorphisms located within the SLCO1B1 gene on the chromosome 12 and established myopathy, while pravastatin lacks this association. These differences may contribute to increased tolerance to pravastatin in this particular case.
INTRODUCTION
Statins reduce cardiovascular events both in primary and secondary prevention of lipid abnormalities [1] . These drugs (atorvastatin, fluvastatin, lovastatin, pravastatin, and simvastatin) may have similar muscular side effects, but these effects do not always occur at the same rate among various statins. The muscular pain and cramping associated with statin use may lead patients to stop taking their drug, but discontinuation may cause a negative rebound effect related to the vascular events. We present a case of severe simvastatin-induced nocturnal leg cramps in an elderly patient who experienced relief and disappearance of the symptoms after the substitution of pravastatin for simvastatin.
CASE REPORT
A 74-year-old male, who never smoked, complained of severe leg pain at night; this occurred once or twice each night at a frequency of three or more times a week. The pain abated within several minutes if he stood or walked around. The patient described these events, which occurred in only one leg at a time, as extremely painful, almost unbearable, cramps of his calves and feet.
These nocturnal episodes started two years ago. At first, they occurred just a few times a month, and the patient thought they were related to his advanced age and glucose intolerance. When he finally sought medical attention, his family physician advised him to use magnesium carbonate, an over-the-counter medicine, to prevent the attacks. Daily usage of magnesium carbonate effervescent tablets (300 mg) did not help, but the patient had taught himself to diminish the severity of the attacks by getting up and standing for a while. The patient also complained that similar painful leg cramping occurred when he walked rapidly or jogged for approximately five to ten minutes. When he stopped, the pain quickly subsided. In contrast to the nocturnal leg cramping, the pain associated with jogging affected both legs at a time.
The patient's history included glucose intolerance, persisting for the past twenty years, and moderate obesity. Two years ago, he had a myocardial infarction (MI). He was admitted to the hospital, but refused coronary arteriography. Two of his four older sisters had type 2 diabetes that appeared when they were in their sixties.
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When our patient gradually increased his physical activity and changed his diet, his body weight reduced to normal. Ten years ago, his diastolic pressure increased slightly (92-94 mmHg measured over several visits to his doctor), but since that time, his blood pressure has been well regulated by treatment with lisinopril (10 mg/day) and atenolol (25 mg/day). Because his lipid panel was not within 'desirable' limits, and because of his previous MI, his family physician prescribed simvastatin (40 mg/day, to be taken at night). The values of triglyceride and LDL cholesterol soon reached normal levels. The values of HDL cholesterol were lower than desirable but still slightly improved ( Table  1 ). The patient had been taking simvastatin for eight years by the time we saw him.
The patient maintained glycemic control with diet alone, but his glycohemoglobin (HbA1c) increased slightly over a six-year period: 5. This patient's mental state, including thought processes, mood, and intellectual function, was in excellent condition. The physical exam was unremarkable, except that arterial pulsations were weaker in both legs. Blood pressure was 140/75 mmHg, and the pulse was 55/min. An ultrasound of the abdominal aorta, kidneys and large arteries showed no evidence of abdominal aortic aneurism, but atherosclerotic plaques and ectasia of the distal aorta and common iliac arteries were noted. No abnormalities were found on electromyography of the legs.
At this time (October 2011), simvastatin was discontinued and pravastatin was prescribed (80 mg/day, taken at night). Other medications (lisinopril 10 mg/day, atenolol 25 mg/day and aspirin 100 mg/day) were continued as before. Six weeks later, at the follow-up visit, the patient reported that his leg pains at night and pain after brisk walking had completely stopped. At this time, the lipid risk panel was similar to that when the patient was on simvastatin, CPK was within normal range, and HDL cholesterol was still lower than optimal (Table 1) . Four months after the substitution of pravastatin for simvastatin, the patient reported that he had neither leg pains at night nor pain provoked by brisk walks.
DISCUSSION
Simvastatin, in a dose of 40 mg/day, was initially well tolerated by our patient. It effectively reduced elevated hyperlipidemia for several years before leg pain at night appeared. Because this type of pain is common among elderly people [2] , the patient did not think that it was connected to simvastatin treatment. We observed earlier that reducing the dose of simvastatin to 10 mg/day or discontinuing the drug entirely eliminated nocturnal leg cramps [3] . However, because we considered that there could be rebound effects related to the vascular effects, we prescribed pravastatin instead of simvastatin. This substitution resulted in an adequate lipid-lowering effect but did not cause the leg pain.
Simvastatin is a prodrug; it is hydrolyzed to its active form, simvastatin acid, which is a specific inhibitor of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase. This enzyme is an important component of the biosynthetic pathway for cholesterol. Because of their effectiveness and well-established safety profiles [4] [5] [6] , simvastatin and other HMG-CoA reductase inhibitors are the mainstays for management of high cholesterol and associated cardiovascular complications. Statins may have similar side effects, but these effects do not always occur at the same rate among the various statins. Muscle toxicity is the most significant adverse effect related to statins [7, 8] . It includes myalgia, myopathy, and rhabdomyolysis. The pharmacokinetic disposition of simvastatin, but not pravastatin, depends upon individual differences in tissue content of cytochrome P450 (CYP) 3A4 oxidases [9] , and it may be influenced by CYP 3A4 inhibitors, such as ketoconazole, verapamil, mibefradil, and grapefruit. None of these known inhibitors were factors for our patient.
An association between single-nucleotide polymorphisms located within SLCO1B1 gene on the chromosome 12 and established myopathy was recently reported for patients treated with simvastatin [10] . Similar findings have been reported for type 2 diabetic patients treated with simvastatin. However, no such association has been recorded with pravastatin.
The strong, but short lasting, leg cramps that affected our patient were not associated with significant increase of serum CPK level. These painful muscle cramps were probably caused by an inadequate vascular supply to the calf and foot muscles. We do not know the mechanism of these changes caused by simvastatin. Perhaps a combination of advanced age, glucose intolerance, and atherosclerotic changes create a predisposition for the simvastatin-induced nocturnal leg cramps. Mentioned differences between the two statins may contribute to better tolerance of pravastatin. 
